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ABSTRACT
The objective of this study was to determine the
effect of dietary P concentrations of 0.37 (recommended) or 0.57% (excess; dry matter basis) on reproductive performance. At calving, Holstein cows were
randomly assigned to 1 of 2 dietary treatments (n =
134 for 0.37% P and n = 133 for 0.57% P). Cows were
ﬁtted with a radiotelemetric transmitter (50 d in milk
[DIM]) to record mounting activity during estrus and
bred to natural estrus from 50 to 100 DIM, then to
synchronized estrus (Ovsynch protocol) after 100 DIM.
Weekly ultrasonography was performed from 50 DIM
until pregnancy was diagnosed (~30 d after artiﬁcial
insemination). Pregnancy was conﬁrmed approximately 60 d after artiﬁcial insemination (artiﬁcial insemination). Weekly blood samples were analyzed for
progesterone concentrations. Days to ﬁrst increase (>1
ng/ml) in progesterone, days to ﬁrst estrus detected
by radiotelemetry, days to ﬁrst service detected by
herd personnel, and conception rate at ﬁrst service
did not differ between the recommended and excess
P groups, respectively. Similarly, conception rate at
30 d, days open, pregnancies lost from 30 to 60 d,
multiple ovulation rate, and the incidence of anovulatory condition at 71 DIM did not differ between these
groups. The mean duration of estrus was 8.7 ± 0.5 and
8.7 ± 0.7 h, and the average number of mounts per
estrus was 7.4 ± 0.5 and 7.8 ± 0.5 for a total mounting
time during estrus of 25.8 ± 1.8 and 24.5 ± 1.6 s for cows
fed the recommended and excess P diet, respectively.
Phosphorus treatment had no detectable effect on reproductive performance.
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INTRODUCTION
There is a widely held view relating poor reproductive performance in cattle to reduced P intake. Published reports from 1932 through 2000 have analyzed
this relationship and have obtained varying results.
Early research reported poor reproductive efﬁciency
in range cattle maintained in areas of P deﬁcient pastures (Theiler et al., 1928; Eckles et al., 1932). In these
early reports, decreased calf crops and extended periods of anestrus were often accompanied by clinical
symptoms of P deﬁciency (i.e., osteoporosis, osteomalacia, osteophagia, cachexia, anorexia) probably reﬂecting the extremely low concentrations of dietary
P. In addition, a combination of dietary deﬁciencies,
rather than an exclusive P deﬁciency, may have had
an adverse effect on the reproductive performance of
the cattle maintained on P deﬁcient pastures (Palmer
et al., 1941). Even though the early studies relating
poor reproductive performance to low P intake were
a compilation of ﬁeld observations from areas of naturally occurring P deﬁciency, and where P was probably
not the only limiting factor, they initially established
the concept relating low P intake to poor reproductive performance.
Later research has analyzed the relationship between dietary P, milk production, and reproductive
performance of lactating cattle (Wu et al., 2000, 2001;
Wu and Satter, 2000). Wu et al. (2001) established
that dietary P of 0.31% was marginally deﬁcient for
high producing (>11,900 kg/308 d) cows, based on the
observation of decreased P content in bone at the end
of 2 lactations. In general, results for the studies analyzing dietary P and milk production suggest that dietary P concentrations between 0.31 and 0.38% might
be recommended for moderate- to high-producing
cows.
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The relationship between dietary P and reproductive performance has also been analyzed. Wu and Satter (2000) summarized 8 studies relating dietary P to
reproduction of dairy cows. They found that reproductive performance of cows fed low P diets (0.31 to 0.40%)
was similar to cows fed high P diets (0.39 to 0.55%).
Although the number of animals in these studies was
not sufﬁcient to draw deﬁnitive conclusions on reproductive measurements (Wu and Satter, 2000), the results suggest that reproductive performance is not
compromised when the diet contains a minimum of
0.31 to 0.39% of P.
Although dietary P concentrations have been reduced somewhat during the last 2 to 3 yr, most dairy
diets still contain P concentrations 15 to 20% in excess
of the National Research Council (NRC, 2001) requirements, due in part to the perception that high P intake
improves reproductive efﬁciency. The current NRC requirements for early to midlactation (90 DIM) diets
are 0.36% P (DM basis) for cows milking 45 kg/d and
0.35% P for cows milking 35 kg/d. Supplemental P
is normally fed to obtain the high concentrations of
dietary P currently fed by producers since unsupplemented dairy diets usually contain between 0.33 to
0.40% P (Wu et al., 2000).
Although a reduction in P supplementation of dairy
diets is environmentally and economically sound, data
are needed to clarify the relationship between dietary
P and reproductive efﬁciency of the herd (Wu and Satter, 2000). Therefore, this experiment was designed
to compare reproductive measurements for dairy cows
fed a diet close to the NRC requirement (0.37% P =
recommended), or a diet in excess of the NRC requirement (0.57% P = excess). The general hypothesis for
this study was that cows fed a diet containing an excess concentration of P would have improved reproductive performance compared with cows fed a diet
containing a recommended P concentration.
MATERIALS AND METHODS
Animals, Diets, and Procedures
This study used 267 (131 primiparous and 136 multiparous) Holstein cows that were fed 1 of 2 diets differing only in P content. A recommended P diet (0.37%
P − DM basis) containing no supplemental P and an
excess P diet (0.57% P − DM basis) that was obtained
by the addition of monosodium phosphate (NaH2PO4)
to the TMR. At calving, every cow was randomly assigned to 1 of the 2 dietary P treatments (n = 134 for
0.37% P and n = 133 for 0.57% P). During the ﬁrst 3
wk of lactation, cows were housed in a tie-stall barn
and individually fed the corresponding recommended
or excess P transition diets ad libitum. Cows were
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moved to a free-stall barn with concrete ﬂooring after
wk 3 where they remained until the end of the trial.
The corresponding recommended or excess P diets
were offered once daily ad libitum. Diet ingredients
were analyzed for DM, CP, NDF, ADF, and P content
(Lopez et al., 2003).
Blood samples (~10 ml) were collected via coccygeal
venipuncture on approximately 50 and 100 DIM. Samples were centrifuged at 1600 × g for 15 min, and
serum was analyzed for inorganic P concentrations by
the Marshﬁeld Laboratories (Marshﬁeld, WI) using
the molybdovanadate colorimetric procedure (AOAC,
1980). Information on the diets, methods, and procedures as well as results of milk yield, milk composition, serum P concentrations, body condition, and
health status for cows fed the recommended and excess P diets are reported in an accompanying paper
(Lopez et al., 2004). The protocol used in this experiment was approved by the Animal Care Committee of
the College of Agricultural and Life Sciences, University of Wisconsin, Madison.
Characterization of Estrous Behavior
To accurately characterize the length and intensity
of behavioral estrus it is essential that cows be continuously monitored. To accomplish this, all cows were
ﬁtted at the end of the voluntary waiting period (50
DIM) with a radiotelemetric transmitter (HeatWatch;
DDx, Denver, CO) that allowed 24 h/d recording of
mounting activity. The HeatWatch system included
pressure-sensitive transmitters with a 0.4-km range
signal transmission, a signal receiver unit with a
1200-m radius signal detection that was located approximately 100 m from the free-stall barn where cows
were housed, a buffer for receiving and storing activity
data sent by the receiver, and PC-compatible software
for interpreting the information. All areas of cow trafﬁc were within the detection range of the transmitter
signal. Transmitters were powered by a lithium 3-V
battery and secured in 10- × 5-cm polyester pouches
that were attached to 25- × 20-cm patches. Patches
were glued to the tailhead of the cow, and an attached
strap was secured to the tail. Activation of a transmitter by the weight of a mounting cow for a minimum
of 2 s interrupts a radio-wave transmission generating
real time data. The transmitted data (date, time, duration, cow number, and transmitter number) were recorded by the software using a mount data log. Onset
of estrus was identiﬁed by the ﬁrst activation of the
transmitter. Duration of estrus was deﬁned as the
time interval from the ﬁrst to last mount recorded
during estrus, thus excluding an estrus consisting of
only one mount for this measure. Ovulation was conJournal of Dairy Science Vol. 87, No. 1, 2004
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Figure 1. Survival curves (P = 0.66) for days to ﬁrst postpartum increase in P4 (> 1 ng/ml) for cows fed diets containing recommended
(0.37%) or excess (0.57%) P.

ﬁrmed for all estrous periods by transrectal ultrasonography. Data provided by the radiotelemetry system were used for retrospective analyses of estrous
activity but were not used as a management tool for
breeding cattle.
Reproductive Management
Visual detection of estrus was performed by the
farm crew during the day and while cows were in the
holding area before milking using standing behavior
and mucous discharge as signs of estrus. Information
on estrus collected by visual observation was only used
to breed cows and not to characterize behavior during
estrus. Cows were bred by AI following the a.m.-p.m.
rule from 50 to 100 DIM. Open cows that reached 100
DIM were synchronized for estrus using the Ovsynch
protocol (Pursley et al., 1995). Each cow received 100
μg i.m. of GnRH (Cystorelin; Merial Limited, Iselin
NJ), followed 7 d later by 25 mg i.m. of PGF2α (Lutalyse, Pharmacia & Upjohn Co., Kalamazoo, MI), followed 2 d later with a second intramuscular treatment
of 100 μg of GnRH. Artiﬁcial insemination occurred
18 to 24 h after the second GnRH treatment. Analysis
was terminated in cows that were still not pregnant
at 200 DIM.
Weekly transrectal ultrasonography was performed
with a 7.5 MHz probe (Aloka 500 ultrasound machine;
Corometrics Medical Systems Inc., Wallingford, CT)
starting at 50 DIM and continuing until pregnancy
Journal of Dairy Science Vol. 87, No. 1, 2004

was diagnosed (~30 d post AI). A ﬁnal ultrasound examination (~60 d post AI) was performed to conﬁrm
the pregnancy. Information on pregnancy loss, gestation length, gender ratio, and twinning was collected.
Weekly blood samples (~10 ml) were obtained from
each cow via coccygeal venipuncture using evacuated
tubes (Vacutainer; Becton-Dickinson, Rutherford, NJ)
starting 1 wk postpartum and continuing until pregnancy was diagnosed. Samples were centrifuged 1600
× g for 15 min and serum was collected and stored
frozen at −20°C in 10-ml plastic scintillation vials for
later radioimmunoassay of progesterone (P4). Assay
of P4 in serum was performed using solid-phase radioimmunoassay kits (Coat-A-Count Progesterone, Diagnostics Products Corporation, Los Angeles, CA). Mean
assay sensitivity, calculated as 2 SD below the mean
counts per minute of maximum binding, was 0.02 ng/
mL. Intra- and interassay coefﬁcients of variation
were 5.2 and 7.7%.
The interval from parturition to ﬁrst detected increase in P4 above 1 ng/mL was determined from the
weekly blood samples and used as an indication of
ﬁrst ovulation. Days to ﬁrst natural estrus (from 50
to 100 DIM) were determined from data collected by
the radiotelemetry system. Anovulatory condition was
deﬁned by the absence of a corpus luteum (CL) during
the ﬁrst 3 weekly ultrasound examinations after 50
DIM and by analyses of P4 concentrations. Anovular
cows were not treated between 50 to 100 DIM. After
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100 DIM, they received the Ovsynch protocol (Pursley
et al., 1995).
Analysis of Data
Categorical data were analyzed for treatment effects using the FREQ procedure of SAS with chisquare and Fisher’s exact tests. Continuous data were
analyzed by the LIFETEST procedure of SAS using
both strata and time statements (SAS, 1996). Characteristics of estrous behavior between treatments as
well as days to ﬁrst P4 increase, days to ﬁrst estrus,
and days to ﬁrst service were analyzed by Student’s
t-test.
RESULTS AND DISCUSSION
Initiation of Estrous Cycles
The interval from parturition to ﬁrst detected increase in P4 was similar for cows fed the recommended
and excess P diets. The ﬁrst weekly blood sample was
taken on average 10 ± 0.3 (range 3 to 16 d) and 10 ±
0.3 d (range 1 to 15 d) postpartum (P = 0.96) and the
ﬁrst P4 increase (>1 ng/mL) for the entire experimental
period (1 to 200 DIM) was detected on average 53 ±
3.0 and 53 ± 2.8 d postpartum for cows fed the recommended and excess P diets, respectively (P = 0.99;
Table 1). Anovulatory condition was diagnosed in
29.9% of the cows fed the recommended P diet and
27.1% of the cows fed the excess P diet (P = 0.61).
Therefore, in order to estimate days to ﬁrst P4 increase
for cycling cows, additional analyses were performed
for ovular and anovular cows in each dietary treatment. No differences for cows fed the recommended
and excess P diets were found for this measure between ovular (36 ± 1.6 vs. 38 ± 1.7 d; P = 0.41) and
anovular (106 ± 3.1 vs. 103 ± 3.0; P = 0.41) cows (Table
1). Furthermore, the rate at which the ﬁrst P4 increase
(>1 ng/mL) was detected did not differ (P = 0.66) between dietary treatments using survival analysis and
data from all cows (ovular and anovular; Figure 1).
For instance, 50% of the cows in both dietary treatments had the ﬁrst P4 increase detected by 40 DIM.
Similarly, by 100 DIM, 82.8% of the cows fed the recommended P diet and 87.2% of the cows fed the excess
P diet had the ﬁrst P4 increase detected (Figure 1).
The remaining cows (17.2% for the recommended P
group and 12.8% for the excess P group; P = 0.32) for
which the ﬁrst increase in P4 was detected after 100
DIM, corresponded to anovular cows (21 and 14 for
the recommended and excess P groups, respectively)
that received the Ovsynch program. The majority of
these anovular cows (19 and 12 for the recommended
and excess P groups respectively; P = 0.99) had the
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ﬁrst P4 increase detected by 125 DIM after they received the ﬁrst treatment for synchronization of ovulation (Figure 1). However, some of them (1 and 2 for
the recommended and excess P groups, respectively)
did not respond to the ﬁrst but to a subsequent synchronization treatment and for these cows the ﬁrst
P4 increase was detected between 125 and 166 DIM
(Figure 1). One cow fed the recommended P diet did
not increase P4 >1 ng/mL during the experiment and
was censored at 200 DIM (Figure 1).
Previous studies have used the ﬁrst postpartum P4
increase in milk (Brodison et al., 1989) or blood serum
(Carstairs at al., 1980; De Boer et al., 1981) to determine the occurrence of ﬁrst ovulation for lactating
cows fed diets varying in P content and have obtained
varying results. De Boer et al. (1981) reported a tendency for a shorter interval (19.5 ± 4 d) to ﬁrst ovulation for cows fed a diet containing 0.34% P (n = 10) as
compared to intervals (28.9 ± 4 and 27.7 ± 4 d) for
cows fed diets containing 0.51 (n = 8) and 0.69% P
(n = 9). In contrast, Carstairs et al. (1980) reported a
tendency for a longer interval to ﬁrst rise in P4 [ranges
47 to 53 (n = 24) vs. 37 to 44 d (n = 24)] for cows fed
a low P diet (85% of NRC [1971] recommended
amount) as compared to cows fed a high P diet (135%
of NRC [1971] recommended amount); additionally,
for that study, the interval from parturition to ﬁrst
P4 increase was negatively correlated (r = −0.34) with
blood serum P concentrations. A later study (Brodison
et al., 1989) found no effect of dietary P (0.40 to 0.45
vs. 0.60 to 0.64%) on intervals to ﬁrst P4 increase
[ranges 33 to 36 (n = 122) vs. 29 to 44 d (n = 95)]
for lactating cows. Variation in the results for these
studies may be related to differences in sample size
and level of P4 used as the indicator of luteal activity
(1 vs. 3 ng/ml).
Intervals to ﬁrst postpartum increase in P4 for the
current experiment are longer than those reported
previously for lactating dairy cows. However, the
mode (21 d) for this measure as well as the intervals
for ovular cows fed the recommended (36 ± 1.6 d) and
the excess (38 ± 1.7 d) P diets are within the normal
range (17 to 42 d) reported in serum (Carstairs at al.,
1980; De Boer et al., 1981) and milk (Brodison et al.,
1989). This suggests that the extended intervals to
ﬁrst P4 rise observed in the present study were probably caused by cows with long periods to ﬁrst ovulation
(for the current experiment 28.5% of the cows were
anovular by 71 DIM). The incidence of anovulatory
condition found in the present study is within the
range reported (17 to 29%) for modern lactating dairy
cows between 50 and 77 DIM based on serum P4 (≤1
ng/mL) concentrations in two or three blood samples
Journal of Dairy Science Vol. 87, No. 1, 2004
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Table 1. Days to ﬁrst increase in P4 (> 1 ng/ml), days to ﬁrst estrus, and days to ﬁrst service (mean ± SEM
[range]) for cows fed diets containing recommended (0.37%) or excess (0.57%) P.

Total cows, n
Anovular cows1, %
Days to ﬁrst P4 increase2
All cows

Ovular cows

Anovular cows
Days to ﬁrst recorded estrus4
Total cows

Ovular cows

Anovular cows
Days to ﬁrst service5
Total cows

Ovular cows

Anovular cows

Recommended P

Excess P

P-value

134
29.9
(40/134)

133
27.1
(36/133)

—
0.61

53 ± 3.0
[14 to 159]
n = 1333

0.99

36 ± 1.6
[14 to 71]
n = 94
106 ± 3.1
[78 to 159]
n = 39

53 ± 2.8
[16 to 166]
n = 133
38 ± 1.7
[16 to 71]
n = 97
103 ± 3.0
[78 to 166]
n = 36

68 ± 1.1
[50 to 92]
n = 103
65 ± 1.2
[50 to 92]
n = 79
75 ± 1.8
[59 to 92]
n = 24

67 ± 1.2
[50 to 99]
n = 109
65 ± 1.5
[50 to 97]
n = 86
73 ± 2.8
[51 to 99]
n = 23

0.87

89m ± 2.0
[50 to 118]
n = 127
83 ± 2.4
[50 to 118]
n = 89
103 ± 2.5
[63 to 117]
n = 38

90 ± 2.0
[50 to 130]
n = 131
85 ± 2.5
[50 to 130]
n = 96
102 ± 2.7
[53 to 126]
n = 35

0.87

0.41

0.41

0.84

0.68

0.60

0.82

1
Anovulatory condition was determined by the absence of a CL during the ﬁrst three weekly ultrasound
examinations after d 50.
2
First increase in P4 concentration > 1 ng/ml.
3
One cow that did not increase P4 > 1 ng/ml during the experiment is not included.
4
Natural estrous periods detected by radiotelemetry between d 50 and 100.
5
Based on visual detection of estrus by the farm crew.

taken 7 to 10 d apart (Moreira et al., 2001; Pursley et
al., 2001).
Intervals to ﬁrst detected estrus were calculated
using the data collected by the radiotelemetry system
between 50 and 100 DIM. This reproductive measure
was similar (67 ± 1.2 vs. 68 ± 1.1 d; P = 0.87) for
cows fed the excess and the recommended P diets,
respectively (Table 1). The rate at which the ﬁrst estrus was detected did not differ (P = 0.24) between
dietary treatments when data for all cows were used
in a survival analysis (Figure 2). For instance, by 71
DIM, 50% of the cows in both experimental groups
had an estrus recorded. Similarly, between 50 and 100
DIM, 76.9% of the cows fed the recommended P diet
and 82.0% of the cows fed the excess P diet had an
estrus detected (Figure 2). The remaining cows (23.1%
for the recommended P treatment and 18.0% for the
Journal of Dairy Science Vol. 87, No. 1, 2004

excess P treatment; P = 0.30) corresponded to ovular
(15 and 11 cows for the recommended and excess P
treatment, respectively) and anovular (16 and 13 cows
for the recommended and excess P treatment, respectively) cows with no estrous activity recorded by 100
DIM (Figure 2).
In the present study 35.0 and 36.1% of the anovular
cows in the recommended and excess P treatments
(P = 0.92) had at least one estrus recorded without a
corresponding ovulation. Thus, additional analyses
for days to ﬁrst estrus were performed using only ovular cows with an estrus recorded between 50 and 100
DIM. No differences were found for this measure (65
± 1.2 vs. 65 ± 1.5 d; P = 0.84) or the rate at which
these periods of estrus were detected (P = 0.38) for
cows fed the recommended and excess P diets, respectively (Table 1).
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Figure 2. Survival curves (P = 0.24) for days to ﬁrst estrus detected by the HeatWatch system between d 50 and d 100 for cows fed diets
containing recommended (0.37%) or excess (0.57%) P.

Previous studies have reported varying results on
the effect of dietary P on interval to ﬁrst observed
estrus in dairy cattle (De Boer et al., 1981; Call et
al., 1987; Wu and Satter, 2000). One study found no
differences for this measure [44.7 (n = 11), 54.4 (n =
8), and 32 d (n = 11)] between cows fed diets varying
in P content (0.34, 0.51, or 0.69%; De Boer et al., 1981).
Similarly, Wu and Satter (2000) reported no effect of
dietary P level (0.38 vs. 0.48%) on average days to
ﬁrst observed estrus [52.2 (n = 21) vs. 43.4 d (n = 21)]
in lactating dairy cows. In contrast, Call et al. (1987)
reported a tendency for a shorter interval (45 d) to
ﬁrst observed estrus for cows fed a diet containing
0.24% P (n = 12) compared with intervals (66 and 50
d) for cows fed diets containing 0.32 (n = 7) and 0.42%
P (n = 10), respectively. Inconsistent results for these
studies, probably related to limited sample size and
variation in the system used to detect estrus (duration
and frequency of visual observation), preclude drawing conclusions about a relationship between dietary
P and interval to ﬁrst observed estrus. Our study used
a radiotelemetric system to monitor cows 24 h/d for
estrus, included more than twice the number of cows
of any of these previous studies, and provided more
precise data on the occurrence of ovulation after each
estrus (as determined by ultrasound and serum P4
concentrations).
Characteristics of Estrous Behavior
The radiotelemetry system detected estrous activity
for 189 (80.1%) and 213 (78.3%) of the natural ovula-

tions recorded for cows fed the recommended and excess P diets (P = 0.62). These estrous periods were
recorded on average 98.6 ± 3.1 d (range 50 to 196 d) and
93.9 ± 2.8 d (range 50 to 192 d) (P = 0.25) postpartum,
respectively. Within these estrous periods, 30 (15.9%)
for the recommended and 39 (18.3%) for the excess P
groups consisted of one mount and were removed from
the analysis on estrous characteristics (P = 0.52). For
the remaining 159 and 174 periods of estrus for cows
fed the recommended and excess P diets, the length
of estrus was 8.7 ± 0.5 and 8.7 ± 0.7 h (P = 0.99), and
the number of mounts per estrus was 7.4 ± 0.5 and
7.8 ± 0.5 (P = 0.57) for a total mounting time during
estrus of 25.8 ± 1.8 and 24.5 ± 1.6 s (P = 0.59) (Table
2). Similar duration of estrus (9.5 ± 0.8 and 8.6 ± 0.4
h), number of mounts (10.1 ± 0.6 and 11.2 ± 0.9), and
mounting duration (24.1 ± 1.5 and 29.0 ± 2.7 s) to
those found in the present study have been reported
Table 2. Characteristics of estrous events (mean ± SEM [range]) for
cows fed diets containing recommended (0.37%) or excess (0.57%) P.
Recommended P
n = 159

Excess P
n = 174

Duration of estrus , h

8.7 ± 0.5
[0.4 to 23.7]

8.7 ± 0.7
[0.4 to 26.5]

Total mounts, n

7.4
[2 to
25.8
[4 to

Characteristic
1

Total mounting time, s

± 0.5
30]
± 1.8
136]

7.8
[2 to
24.5
[4 to

± 0.5
44]
± 1.6
138]

P-value
0.99
0.57
0.59

1
Number of hours between the ﬁrst and the last recorded mount
of an estrous period.

Journal of Dairy Science Vol. 87, No. 1, 2004
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Table 3. The distribution of estrous periods categorized by duration and intensity for cows fed diets containing
recommended (0.37%) or excess (0.57%) P.
Estrus category1

Recommended P
n = 159

%

Excess P
n = 174

%

Short duration, low intensity
Short duration, high intensity
Long duration, low intensity
Long duration, high intensity

59
30
42
28

37.1
18.9
26.4
17.6

76
36
43
19

43.7
20.7
24.7
10.9

1
Periods of estrus were classiﬁed by duration as short (<8.7 h) or long (≥8.7 h). Short periods of estrus
were classiﬁed as low (<2.7 m/h) or high (≥2.7 m/h) intensity and long periods of estrus as low (<0.6 m/h)
or high (≥0.6 m/h) intensity.

using a similar system for estrus detection for dairy
cows in conﬁnement (Walker et al., 1996) and pasture
(Xu et al., 1998), respectively.
The effect of dietary P level on estrous behavior has
been investigated in lactating dairy cows (Lopez et
al., 2001) and heifers (Hurley et al., 1982). Lopez et
al. (2001) reported no effect of dietary P level (0.38 vs.
0.48%) on duration of estrus (9.1 ± 1.0 vs. 8.8 ± 1.1 h),
number of mounts (7.5 ± 1.2 vs. 8.0 ± 1.5), and mounting time (29.6 ± 1.0 vs. 31.9 ± 5.8 s) for lactating dairy
cows (n = 42) using a similar system for estrus detection. Similarly, Hurley et al. (1982) reported no differences in duration and intensity of estrus for dairy
heifers (n = 48) fed diets varying in P content (0.19,
0.37, or 0.64%) when continuous visual observation of
estrus was implemented. Results from these studies
and from the present experiment suggest that characteristics (duration, number of mounts, and mounting
time) of estrus are not improved for cows fed a diet
containing excess P compared with cows fed recommended amounts of P.
The effect of dietary P treatment on duration and
intensity of estrus was analyzed. In general, cows with
shorter duration of estrus had a higher intensity of
estrus [as determined by the number of mounts/h (m/
h)] than cows with longer duration of estrus (P <
0.0001). Therefore, the intensity of estrus was classiﬁed separately for cows with short or long periods of
estrus. The average duration of estrus was calculated
(8.7 h) and estrous events were classiﬁed by duration
as short (<8.7 h) or long (≥8.7 h). The mean intensity
for short periods of estrus was calculated (2.7 m/h)
and short periods of estrus were classiﬁed by intensity
as low (<2.7 m/h) or high (≥2.7 m/h). Similarly, the
mean intensity for long periods of estrus was calculated (0.6 m/h) and long periods of estrus were classiﬁed by intensity as low (<0.6 m/h) or high (≥0.6 m/h).
The distribution of periods of estrus by duration and/
or intensity did not differ between cows fed the recommended or excess P diets (P = 0.29) (Table 3). There
were 89 (55.9%) and 112 (64.4%) short periods of estrus and 70 (44.1%) and 62 (35.6%) long periods of
Journal of Dairy Science Vol. 87, No. 1, 2004

estrus for cows fed the recommended and excess P
diets, respectively (P = 0.19). Within the short periods
of estrus, there were 59 (66.3%) and 76 (67.9%) lowintensity periods of estrus and 30 (33.7%) and 36
(32.1%) high-intensity periods of estrus for cows fed
the recommended and excess P diets, respectively (P =
0.81). Within the long periods of estrus, there were 42
(60.0%) and 43 (69.4%) low-intensity periods of estrus
and 28 (40.0%) and 19 (30.6%) high-intensity periods
of estrus for cows fed the recommended and excess P
diets, respectively (P = 0.26). Comparable distributions have been reported (Dransﬁeld et al., 1998; Lopez et al., 2001). The distribution of estrous periods
may offer some explanation for the low estrous detection efﬁciency currently obtained by visual observation since the majority of the periods of estrus are
in the category least likely to be detected (short in
duration and low in intensity).
Conception Rate and Pregnancy Loss
The timing of AI was based on detection of estrus by
visual observation after the voluntary waiting period
(>50 DIM) and not on the data collected by the radiotelemetry system. Days to ﬁrst service (89 ± 2.0 vs. 90
± 2.0 d; P = 0.87), conception rate to ﬁrst service (39.4
and 42.0%; P = 0.67), as well as overall conception
rates at 30 (34.3 vs. 38.0%; P = 0.35) and at 60 d
(29.1 vs. 31.8%; P = 0.47) were similar for cows in
the recommended and excess P groups, respectively
(Tables 1 and 4). Cows for both dietary treatments
received the ﬁrst service at a similar rate (P = 0.73;
Figure 3). For instance, 50% of the cows fed the recommended and excess P diets received the ﬁrst service
by 98 and 92 DIM, respectively. Similarly, the percentage of cows that reached 100 DIM without a service
(43.2 vs. 42.9%; P = 0.94) as well as the percentage
of cows that were not inseminated during the entire
experiment (5.2% vs. 1.5%; P = 0.17) did not differ
between dietary treatment groups (Figure 3). The percentage of cows that were never bred corresponded to
cows (7 and 2 cows for the recommended and excess
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Table 4. Reproductive parameters (mean ± SEM) for cows fed diets containing recommended (0.37%) or
excess (0.57%) P.
Reproductive parameter

Recommended P

Excess P

P-value

39.4
(50/127)
34.3
(99/289)

42.0
(55/131)
38.0
(111/292)

0.67

Overall conception rate at 60 d3, %

29.1
(84/289)

31.8
(93/292)

0.47

Pregnancies lost (30 to 60 d), %

15.2
(15/99)
7.1
(6/84)
112 ± 3.5
(n = 99)
2.9
(289/99)

16.2
(18/111)
7.5
(7/93)
116 ± 3.8
(n = 111)
2.6
(292/111)

0.83

279 ± 0.6
(n = 73)
45.6:54.4
(n = 68)
21.6
(51/236)
6.8
(n = 5)
23 ± 0.6
(n = 108)

279 ± 0.5
(n = 79)
48.6:51.4
(n = 74)
19.5
(53/272)
6.4
(n = 5)
23 ± 0.5
(n = 103)

1

Conception rate at ﬁrst AI , %
Overall conception rate at 30 d2, %

Pregnancies lost after 60 d, %
Days open for pregnant cows
Services/conception for pregnant cows4
Gestation length, d
Female:male5, %
Multiple ovulation rate, %
Twinning rate, %
Estrous cycle length, d

0.35

0.92
0.45
0.35
0.96
0.71
0.55
0.91
0.70

1

Number of pregnancies detected at 30 d divided by the number of ﬁrst services.
Number of pregnancies detected at 30 d divided by the total number of services.
3
Number of pregnancies detected at 60 d divided by the total number of services.
4
Total number of services divided by the number of pregnancies detected at 30 d.
5
Gender ratio for single births.
2

P groups, respectively) that were removed from the
experiment before 100 DIM, when ovulation was synchronized and timed AI was applied. Inseminations
applied after ovulation was synchronized (>100 DIM)
increased the rate at which cows received the ﬁrst
service (Figure 3). In total, 38.0% of the cows fed recommended P and 41.3% of the cows fed excess P received ﬁrst service after ovulation was synchronized
(P = 0.58).
Previous studies have reported varying results on
the effect of dietary P on conception rate to ﬁrst service
and overall conception rates for dairy cattle (Hignett
and Hignett, 1952; Morrow, 1969; Noller et al., 1977).
An early ﬁeld study reported increased conception
rates to ﬁrst service (~20%) in herds fed P in amounts
below current NRC (2001) requirements. First-service
conception rate did not improve further once an
amount of P roughly corresponding to current NRC
(2001) requirements was fed (Hignett and Hignett,
1952). Another study related low P intake to reduced
conception rates at 30 and 60 d in yearling dairy heifers diagnosed with P deﬁciency (Morrow, 1969). However, such a relationship was not detected in a later

study (Noller et al., 1977) when healthy dairy heifers
were fed diets with (0.32 to 0.43%) or without P supplementation (0.21 to 0.30%). Later research (Brodison
et al., 1989) reported similar days to ﬁrst service
(ranges 74 to 79 vs. 74 to 83 d) and conception rates
to ﬁrst service (ranges 52 to 63 vs. 57 to 63%) as well
as overall conception rates (ranges 59 to 76 vs. 59 to
68%) for cows fed diets containing low (0.40 to 0.45%)
or high P (0.60 to 0.64%) during 3 yr. Similarly, a
recent study (Wu and Satter, 2000) reported no effect
of dietary P level (0.38 vs. 0.48%) on intervals (ranges
72.2 to 76.8 vs. 65.6 to 76.4 d) and conception rates to
ﬁrst service (ranges 28.6 to 42.3 vs. 28.0 to 42.9%) for
lactating cows during two lactations. Inconsistency in
the results for these studies may be related to experimental conditions and sample size. Early reports (Hignett and Hignett, 1952; Morrow, 1969) were the compilation of general ﬁeld observations, while recent reports (Brodison et al., 1989; Wu and Satter, 2000)
presented experimental data obtained under more
properly controlled conditions where P was the only
limiting factor. Sample size in the controlled experiments do not provide sufﬁcient statistical power to
Journal of Dairy Science Vol. 87, No. 1, 2004
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Figure 3. Survival curves (P = 0.73) for days to ﬁrst service for cows fed diets containing recommended (0.37%) or excess (0.57%) P.

test the relationship between dietary P and conception
rates for dairy cattle because binomial variables such
as conception rate require larger data sets for valid
analysis (Wu and Satter, 2000). To our knowledge, the
present study is the largest evaluating the relationship between dietary P and conception rates of lactating dairy cows under controlled experimental conditions. Our results, in agreement with some from previous studies, suggest that conception rate is not
improved for dairy cows fed diets containing excess P
compared with cows fed diets containing recommended P.
There were 15 (15.2%) and 18 (16.2%; P = 0.83)
pregnancies lost between 30 and 60 d and 6 (7.1%)
and 7 (7.5%; P = 0.92) pregnancies lost after 60 d for
the recommended and excess P groups, respectively
(Table 4). The percentage of pregnancies lost between
30 and 60 d observed in the present study is within
the normal range (10 to 16%) reported for lactating
dairy cows during the same period (Vasconcelos et
al., 1997; Fricke et al., 1998; Moreira et al., 2001).
Similarly, the percentage of pregnancies lost after 60
d is comparable to another report (3.6% from 56 to 98
d and 5.5% from 98 d to calving) for lactating dairy
cows (Vasconcelos et al., 1997).
Other Reproductive Measures
Days open were not reduced (P = 0.45) for pregnant
cows fed the excess P diet (116 ± 3.8 d) compared with
Journal of Dairy Science Vol. 87, No. 1, 2004

pregnant cows fed the recommended P diet (112 ± 3.5;
Table 4). Similarly, the rate at which cows became
pregnant did not differ (P = 0.48) between treatment
groups (Figure 4). For instance, by 100 DIM, 25.4% of
the cows in the recommended P treatment and 30.8%
of the cows in the excess P treatment had conceived.
After 100 DIM, pregnancies from the Ovsynch protocol
increased the rate at which cows conceived (Figure 4).
In total, 44.8% of the cows fed the recommended P
diet and 43.6% of the cows fed the excess P diet conceived after 100 DIM (P = 0.85). At the end of the
experimental period (200 DIM), 29.8% of the cows in
the recommended P treatment and 25.6% of the cows
in the excess P treatment were censored as nonpregnant (Figure 4). These cows corresponded to animals
that were inseminated and did not conceive (38 and
27 cows for the recommended and excess P diets, respectively) and cows that were never bred during the
experiment (7 and 2 cows for the recommended and
excess P diets, respectively) because they were removed before 100 DIM when ovulation was synchronized and timed AI was applied.
Previous studies have analyzed the relationship between dietary P level and days open for dairy cows
(Brodison et al., 1989; Wu and Satter, 2000). Wu and
Satter (2000) reported no effect of dietary P level (0.38
vs. 0.48%) on days open [ranges 103 to 115 (n = 47)
vs. 105 to 120 d (n = 48)]. Similarly, Brodison et al.
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Figure 4. Survival curves (P = 0.48) for days open for cows fed diets containing recommended (0.37%) or excess (0.57%) P.

(1989) found no differences for intervals from calving
to conception [ranges 85 to 95 (n = 122) vs. 90 to 103
d (n = 95)] between cows fed 0.40 to 0.45% P or 0.60
to 0.64% P in the diets.
There were 236 and 272 natural ovulations recorded
for cows fed the recommended and excess P diets. The
incidence of multiple ovulations for these groups was
21.6 and 19.5%, respectively (P = 0.55; Table 4). Similar multiple ovulation rates (9.5 to 20.3%) to those
observed in the present experiment have been reported for lactating dairy cows (Fricke and Wiltbank,
1999; Wiltbank et al., 2000).
Dietary P level did not alter (P = 0.70) the duration
of estrous cycles for cows fed the recommended (23 ±
0.6 d; range 14 to 30 d) and excess P (23 ± 0.5 d;
range 14 to 31 d) diets (Table 4). These results are
in agreement with those from previous studies that
reported no effect of dietary P level (0.38 vs. 48%) on
the duration of estrous cycles [22 ± 0.8 (n = 41) vs. 21
± 0.6 d (n = 40)] for lactating cows; or for yearling
dairy heifers (n = 115) offered dicalcium phosphate ad
libitum (Morrow, 1969; Lopez et al., 2001).
There were 154 and 146 synchronization protocols
(Ovsynch) applied for the recommended and excess P
groups. Ovulation was synchronized in 134 (87.0%)
and 127 (86.9%) of these protocols, respectively (P =
0.99). Conception rates at 30 (33.1 vs. 37.0%; P = 0.48)
and at 60 d (28.6 vs. 31.5%; P = 0.58) did not differ
between synchronized ovulations for the recommended and excess P treatments. Similarly, the number of pregnancies lost between 30 and 60 d [13.7% (7
of 51 cows) for the recommended vs. 14.8% (8 of 54

cows) for the excess P treatment; P = 0.87] and after
60 d [6.8% (3 of 44 cows) for the recommended vs.
10.8% (5 of 46 cows) for the excess P treatment; P =
0.71], for cows that conceived after ovulation was synchronized, was similar between treatment groups.
Synchronization rates similar to those obtained in
the present experiment have been reported for the
same protocol (80 to 90%) in lactating dairy cows
(Fricke and Wiltbank, 1999; Pursley et al., 2001). Similarly, comparable conception rates at 28 to 32 d (36
to 41%) and at 60 to 74 d (30 to 34%) as well as pregnancies lost (13%) for the corresponding periods have been
reported when the same protocol is used in lactating
dairy cows (Fricke et al., 1998; Moreira et al., 2001).
Gestation length (279 ± 0.6 vs. 279 ± 0.5; P = 0.88),
the proportion of female to male calves (45.6:54.4 vs.
48.6:51.4; P = 0.71), as well as twinning rate (6.8 vs.
6.4%; P = 0.91) did not differ between cows fed the
recommended and excess P diets, respectively (Table
4). Gender ratio (female:male) as well as the incidence
of twin births for the current experiment are similar
to results from previous reports of lactating dairy cows
(Pursley et al., 1998; Wiltbank et al., 2000). In general,
dietary P level did not inﬂuence any of these reproductive measures in the present experiment.
General Discussion
Results of this study clearly refute our overall hypothesis that cows fed a diet containing an excess concentration of P (0.57%) would have better reproductive
performance compared with cows fed a diet containing
Journal of Dairy Science Vol. 87, No. 1, 2004

156

LOPEZ ET AL.

the NRC recommended P (0.37%) concentration. This
contradicts a widely held notion that feeding high P
diets can improve reproductive performance of the
herd. This concept may have originated from studies
between 1930 and 1950 in which low dietary P was
related to reduced ﬁrst service conception rate, or to
long periods of anestrus and/or irregular expression
of estrus, or to decreased calf crops in range cattle
(Eckles et al., 1932; Hignett and Hignett, 1952). In
these early studies, dietary P was extremely low, and
other dietary deﬁciencies associated with the low quality diets that were fed may have contributed to the
reduced reproductive performance (Palmer et al.,
1941). It has been reported that dietary P levels of
less than approximately 0.25% can reduce rumen microbial growth (Durand and Kawashima, 1980) resulting in less microbial protein, lowered ration digestibility, and decreased energy supply. Additionally,
low levels of dietary P can reduce feed intake causing
coincidental deﬁciencies of energy, protein, and other
nutrients. Decreases in DMI, milk production, and BW
have been reported for dairy cows fed a diet containing
0.24% P when compared to cows fed diets ranging from
0.28 to 0.42% (Call et al., 1987; Valk and Sebek, 1999).
It is probably through these mechanisms that low levels of dietary P may have an indirect effect on reproductive performance in the range cattle utilized in
early reports. However, the P content of modern dairy
diets is usually above the low P levels that might impair function of rumen microbes or depress DMI. The
P content in current dairy diets usually ranges from
0.33 to 0.40% before P supplementation (Wu and Satter, 2000). Therefore, supplementation of P above the
NRC recommendations is not an appropriate practice
to improve reproductive performance in modern
dairies.
CONCLUSIONS
Feeding of a diet containing excess P (0.57%) does
not improve reproductive performance of lactating
dairy cows as compared to cows fed a diet meeting
NRC requirements (0.37%). Feeding of diets to meet
NRC (2001) P requirements can reduce the P content
in manure and therefore the risk of environmental
damage (eutrophication of surface waters). In addition, elimination or reduction of P supplementation
can reduce the cost of dairy cattle diets.
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